Cells of Moniliella tomentosu were grown in the presence of several short-chain alcohols (C, to CJ. n-Propanol and n-butanol induced the appearance of a mitochondrial cyanideinsensitive respiration without affecting the normal cytochrome chain whereas methanol and ethanol had no effect. Preliminary experiments indicated that the C, and C4 alcohols interfered with oxidative phosphorylation, which explains the low growth yield and the accumulation of ethanol in the growth medium.
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glutaric acid/NaOH buffer (20 m, pH 5-8), containing 1 % (w/v) glucose. The reaction was started by the addition of cell suspension, corresponding to 3 to 4 mg dry wt cells. The oxygen uptake of mitochondria was measured in sucrose buffer (0.3 M-sucrose, 0.7 mM-EDTA, 8 mM-Tris/HCl pH 7.2) using 0.4 to 0-8 mg mitochondrial protein. The substrates used were 0.5 m -N A D H or 10 m-succinate. Respiration rates in whole cells are expressed as pl O2 consumed h-l (mg dry wt cells)-l. Respiration rates in mitochondria are expressed as ng-atom 0 consumed min-l (mg protein)--l.
Reductase activities. Cytochrome c, ferricyanide and 2,6-dichlorophenolindophenol (DCIP) were used as electron acceptors in the determination of reductase activities in mitochondria. All measurements were made in sucrose buffer and recorded with a Unicam SP-800 spectrophotometer at 25 "C. The reactions were started by the addition of the substrate: 0.5 m-NADH, 1 0 m-succinate or 10 mM-DL-lactate. The compositions of the standard assay mixtures (total volume 1.1 ml) were as follows. (i) Substrate-cytochrome c reductase:
1 ml sucrose buffer; 1 mM-KCN; 0.06 % (w/v) ferricytochrome c; and 0-04 to 0.06 mg mitochondrial protein.
(ii) Substrate-ferricyanide reductase : 1 ml sucrose buffer; 1 mM-KCN; 1 m-potassium ferricyanide; and 0.04 to 0.06 mg mitochondrial protein. (iii) Substrate-DCIP reductase: 1 ml sucrose buffer; 1 mM-KCN; 0.1 m-DCIP; and 0.08 to 0.12 mg mitochondrial protein. The millimolar absorption coefficients used in calculations of specific activities were 21.0 for cytochrome c (550 nm), 1.03 for potassium ferricyanide (420 nm) and 21.0 for DCIP (600 nm).
Analytical methods. (i) Ethanol, polyols and glucose. Cells were harvested by centrifugation and washed twice with water. The supernatants and the washings were combined and brought to volume before analytical determinations. Residual glucose was determined by the method of Somogyi-Nelson and total polyols by periodate oxidation, as described by Neish (1952) . Ethanol was measured by gas chromatography.
(ii) Protein was assayed by the Lowry method (Lowry et a/., 1951) with bovine serum albumin as reference standard. Mitochondria1 proteins were solubilized with 0.2 yo (w/v) deoxycholate before determination.
Materials. Biochemicals were obtained from Sigma. All chemicals used were of analytical grade.
RESULTS
Figure l(a) shows the growth, respiration and fermentation pattern of M . tomentosa in GYU medium as a function of time. Oxygen uptake by the cells increased during the initial growth phase and remained high until the stationary phase was reached. The polyols formed were glycerol and erythritol, with a total concentration of about 25 mg per ml growth medium. Ethanol production was very low. The final cell yield was about 1-5 g dry wt cells per 50 ml medium, with a generation time of about 1.7 h.
The sensitivity of the cells to cyanide and SHAM as a function of time throughout the life cycle is shown in Fig. l(b) . During exponential growth, the cyanide-resistant pathway did not account for more than a small fraction (about 5 %) of the total respiratory activity of the cells (measured in the absence of any inhibitor). At the end of the growth phase and during the subsequent stationary phase, only 50 yo inhibition of respiration occurred with 1 mM-KCN. This low percentage inhibition in older cells can be attributed not only to the increased activity of the alternative pathway but also to the decreased activity of the cytochrome chain. The cyanide-resistant respiration never exceeded 12 pl 0, h-l (mg dry wt cells)-l.
The results of similar experiments with cells grown in GYU medium supplemented with 0.6% (w/v) n-propanol are given in Fig. 1 (c, d ) . There was a sharp rise in oxygen uptake by the cells during the exponential growth phase (Fig. 1 c) . This high rate was maintained for about 35 h, even during the early-stationary growth phase. Compared with the fermentation pattern of normal cells, there was a shift from polyol synthesis to ethanol accumulation in the medium [about 3 yo (w/v)]. The final cell yield was decreased from 1.5 g for normal cells to 0.6 g dry wt cells per 50 ml medium in the presence of n-propanol, while the generation time increased two-to fourfold.
The effect of cyanide and SHAM on the respiration of cells grown in the presence of n-propanol is shown in Fig. l(d) . Cells in the late-exponential growth phase were insensitive to cyanide or SHAM. However, a residual respiration of 20% of the control value still existed when both inhibitors were used together. Similar experiments with methanol, ethanol and n-butanol (not shown) demonstrated that n-butanol could also induce cyanide- insensitive respiration, but methanol or ethanol had no effect. With n-propanol and n-butanol, the activity of the induced cyanide-insensitive respiration correlated with the concentration of the alcohol used. The optimum concentration of n-propanol was 0-6O/b (w/v). The induction of the cyanide-insensitive respiration was not due to the selection of a mutant, since when cells grown in the presence of n-propanol were inoculated into the basic GYU medium, they became completely sensitive to cyanide after a few generations.
To see whether the resistance to cyanide or SHAM was due to a progressive lack of permeability of the cell wall or cell membrane, oxygen electrode assays were carried out with mitochondria. The degrees of sensitivity to cyanide and SHAM of mitochondria isolated from cells grown in the presence of n-propanol ('n-propanol ' mitochondria) are illustrated by the results in Table 1 , which also includes results for mitochondria isolated from normal cells and for mitochondria from cells grown in the presence of ethidium Table 2 . Reductase activities in 'n-propanol ' mitochondria, normal mitochondria and 'EB' mitochondria of Moniliella tomentosa bromide (' EB ' mitochondria). All mitochondria were isolated from cells in the earlystationary phase. The activity of the alternative pathway in mitochondria was determined in the presence of AMP. Succinate oxidation by 'n-propanol' mitochondria was almost completely insensitive to cyanide+AMP and to SHAM. The oxidation of added NADH was more strongly inhibited by cyanide +AMP than by SHAM. Almost complete inhibition occurred when both inhibitors were used together in the presence of AMP. The small residual fraction of the cell respiration in the presence of cyanide and SHAM is probably mediated by extra-mitochondria1 pathways. The activity of the normal cytochrome chain in 'n-propanol ' mitochondria is only slightly different from the activity of the cytochrome pathway in normal mitochondria, as can be seen from the corresponding oxidation rates in the presence of SHAM. Compared with ' EB ' mitchondria, the activity of the alternative oxidase is higher in 'n-propanol ' mitochondria, as can be seen from the oxidation rates in the presence of cyanide+AMP. The extent of the stimulation by AMP is higher in 'npropanol ' mitochondria than in ' EB ' mitochondria, as can be seen from the oxidation rates in the presence of cyanide, with and without AMP. The effect of AMP on various partial
Cyanide insensitivity of MoniZiella tomentosa 67 mitochondrial activities is shown in Table 2 . With NADH as substrate, the three reductase activities were not affected by AMP in 'n-propanol ' mitochondria, normal mitochondria or ' EB ' mitochondria. Succinate-ferricyanide reductase and succinate-cytochrome c reductase in ' EB ' mitochondria and 'n-propanol ' mitochondria were stimulated by AMP. However, the percentage stimulation in 'n-propanol' mitochondria was less than in ' EB ' mitochondria due to the presence of the normal cytochrome chain.
To elucidate the mechanism(s) of induction of the alternative oxidase in M . tomentosa by n-propanol, preliminary experiments were carried out to investigate the effect of n-propanol on mitochondria isolated from cells grown in the presence of n-propanol. n-Propanol was not oxidized by these mitochondria, and the oxidation of NADH or succinate was not affected in the presence of n-propanol. On the contrary, n-propanol(5 mM) was an inhibitor of oxidative phosphorylation, as determined by loss of respiratory control through the inhibition of the ADP-induced state-3 rate of oxygen uptake. DISCUSSION We have demonstrated that the mitochondrial cyanide-resistant respiration in M . tomentosa can be induced by the use of n-propanol, while the respiratory capacity of the normal cytochrome chain is not affected. The alternative pathway in 'n-propanol' mitochondria has properties in common with the one found in 'EB' mitochondria, except for the oxidation of DL-lactate and the oxidation of succinate with DCIP as electron acceptor (see Table 2 ). The different effects of AMP on mitochondria isolated from cells grown in the presence of n-propanol or EB with DL-lactate as substrate suggest a different entrance for the electrons in the branched respiratory chain. Hanssens & Verachtert (1976) postulated that in mitochondria isolated from cells grown in the presence of EB, DL-lactate provides electrons at the level of cytochrome c. The stimulation by AMP in mitochondria isolated from cells grown in the presence of n-propanol points to a lactate dehydrogenase providing electrons before the site of action of AMP. However, this does not explain the results for the oxidation of DL-lactate with DCIP as electron acceptor. As the same difference was found in the succinate-DCIP reductase activity, a more complex site of action of AMP must be postulated.
The mechanism by which n-propanol induces the alternative pathway is not clear. Although the normal respiratory chain is present, and mitochondria from cells grown in the presence of n-propanol can perform normal oxidative phosphorylation, the use of n-propanol leads to a reduction in growth yield, an increased generation time and a shift from polyol synthesis to ethanol production. This might confirm that n-propanol in vivo may uncouple respiration and oxidative phosphorylation.
Thus, whenever the operation of the normal respiratory chain is impaired in M . tomentosa (using ethidium bromide, chloramphenicol, antimycin A or n-propanol), the alternative pathway is induced. In plant tissues possessing a potentially active alternative respiratory pathway, this pathway can also be induced with ethylene or propylene (Solomos & Laties, 1975 , 1976 Chin & Frenkel, 1977) , and it would be interesting to find out whether these compounds can inhibit the normal phosphorylating respiratory pathway. If the inhibition of oxidative phosphorylation leads to the induction of an alternative electron transport pathway, the mechanisms by which this occurs remain to be found.
